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(57)Abstract 

PROBLEM TO BE SOLVED: To identify a DNA chain with a label 
not deteriorated in quality and yield for purposes such as a DNA 
sequence-determination method by labeling the DNA chain with a 
fluorescent label containing a chromophore radiating specific 
wavelength light irradiating the labeled DNA with light having this 
wavelength, and detecting the radiated light. 
SOLUTION: This method for identifying a DNA chain comprises 
labeling a DNA chain with a fluorescent light label containing a 
chromophore represented by the formula (X is H, CH3) and 
radiating light in a wavelength region containing at least a 
wavelength within either one of a far IR region, a near IR region and 
an IR region, applying the labeled DNA sample to plural sites in a 
gel electrophoresis slab or a capillary set in order to electrically 
migrate the labeled DNA sample into plural channels through the 
gel electrophoresis slab or the capillary set, establishing an electric 
voltage in the whole applied sites, dividing the DNA sample into 
fluorescent labeled DNA bands in the gel electrophoresis slab or 
the capillary set in response to the size of the DNA sample, 
irradiating the labeled DNA with light having a wavelength within 
either of the far IR light region, the near IR light region and the IR light region and detecting light radiated 
from the fluorescent label to identify the DNA chain. 
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[0 0 2 5] 7* h*-f*- F, *MJW8SXtt«l©Jfc 
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-3- (tKn+i/^fUV) ->^D^i/-i-iy 

toms®*. lt© i -^^y-^t^^-ifv 

fc©»a* (7:3) *T-Si3i0lP^-r5o tt&ttffll' 
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#5 J^gtc J; o TXti^n*^^*^-r S i^^tc J: r> T 
ot o T«SOSR»*» 6«»J«n* C t tfT t S J: ? tc, 

3fe»t«t8«c|H9Sn*o «*tf» Ruth, J e r r 
y, L. (1 9 8 4), DNA 3. 123£fEic£tt 

[0 03 1] ±ieffifS*>e-> *%W©^«iaDNA(D 
i»lJ»3e*i*H:» «*tf ( 1 ) w^neoMx^ 

-r«©T, /hSl^ffift^*- F^fllVSCttfT** 
*:fttf (2) co»S«««^x»c*»*S]t««fi 

[0 0 3 2] *RM8©±IB*OflSO««ttttTO»«4 
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m%®m d n a vmm&jzt . is—v—pj*- f*» s 
(oi&m. zm-zitimmmc «t s m%mo d n a & 

•fSfrXti, DNAUS£SnS7a-:*gLOi:/5 
TitfiESn-So CWWifflStcfe^T "^(infrared)" 

%z>mm&. mat, m%n&m (6 o o~7 o o n 10 

m) , ifi^jfiS (7 0 0~ 1 2 0 0 nm) Xli^ft® 
ft (1 2 00~4 0 00nm) £#tf<J:9£ffli,-<e>tt 
•So (1) D N AE$IJ&1£ ; Rtf (2) glJ^tfSJ 

mmmwrnxit* y ^ 5— tfinsjs ( p c r ) ©<k 5 
a^tttioTSBisn*, g£©g&3ig©##r©<j: 

[0 0 3 4] «&t*»k j^ttXtt*ttW*©«»© 
fflLT. cnfcffl^T. DNA«fcWr*1MB*1iSo 

[0 0 3 5] DNA«ft«Btr*ft»K» SS UH£R 

U **ft!«KttfcS»fctti:**U 0]*t£DNA, * 
T-tS, '>&< fcfe 1 O©Kj»**T*-«fr0Ufc»*l* 

[0036] Bssii£#rs*\ o&SBBfr&girfs 

L<tttt©#?Kl8*L;fel: 3BWWrL< 

^tr-fe-So /w*»?©7^y>'y*«2ssfc-rs^< 
lt, ^*fiwsts**»*r*Ncs»*j»R±fcfrr 

[0 0 3 7] U^HHRtt, -> 7- 
fiTt*,, »*U**H47 5 0~820nm 

*-) ©suatcjgfi *frr*3«a*«* 
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%fc#>\tm)-l:&*) > 7 80~800nmT-S5GaA 

i asw- ku— y-©»»»«sfc-srrs. g 

a A 1 As^t-K8> DNAE?lJft^©/c46©y;U 

tcffli/>e.ns 6 si~i 3«-&dt^n5*^iii^n 

So 

[0 0 3 8] Si »/U fc4&©K(SS 

fcLTNCS wy«m-H **-rs^fiit->T 

^>^-To C©fSfi6Jg«T8, XtfHT*fc5£?£, 
^ /-WT* 7 8 7 n mt-J 0 > DM 
SO*T«8 0 1 nmT'feD, WckWffi.&&** /- 
;l/tT'8 0 7nmt^Ds DM S OfT'fi 8 1 8 n mf 
Xtf-CH3T?fc3fc£f<:> «*K3ttttfitty* 
/-/WT'7 8 6nraT'$0, m±5£ffl&mt,i*f/- 
;l/cpT8 0 6nmT'^2.<, M73©i§£»C. «?UX¥ti 1 

[0 0 3 9] S2(i^^/-;V*T-$>J3 5%©iS^« : ?. 
IK**** 4**^7- VS8R*jR-r. Rtfx^;l/Xtt 
Xfl/tst h 7?7l/T?;& t) , n tfl Xfci 2 T'&3 t 
«*B&ftifcSfi 7 6 2 ~ 7 7 8 n mT'fe^o 
LT, «*f£fti£fifct 782~800n mT'63„ 

[0 0 4 0] S3Tw*h*#rtS»*T?H\ «*«3t» 
Stt^ttt#LT7 7 3~7 7 8 nmT'feO, S*f8 
^S«tS<g(Cte#tT7 8 9~8 0 6 nmT$5 o S 

Ti&mtmmicmfLz z 5%~3 5%T'<&So 

[0 0 4 1] S4T**£nS#?T*ti> SmttDNAE 

5tj^©rcJ6tD n Aa^©*>y yy y*f*nmc-$-%> 
rcfttNH s xxxjwcfcftrsc x« 

D N A*«fcm^*fca©S*MW7 5 h t b Tffl 
[0 0 4 2] £5lC<fcoT/^£tt££j£»m?(i. «^ 

^s^s©p(i©^s^ ; ene)©p^(cp^Ri^^-rs 
*3icasiuft % «o*>©^f-u^/T-^ty*y 

^f-LO/SK^TA-y^y >^-rSutlc«toT, S 
0»©gST'fc9, 9»*W$U\ nttiC, x-r;l/ 

SST-feSo /U^?^©* -y -/y y?*®%ictz> 

[00 4 3] S6lcJ:oT^n5jl^^5iJtt, * 

**1"5i:^S4a«c *lXtt2»cJ:5i: > C©IS5«] 
T'tt, XttK^X^NHT-feOx YtiNCS 
i/7^-h) XfiHTfeO. R«H. NCS, CH2O 
H, CH 2 NCSX«COOHT'$5o 
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feO ; Z&S, 0, CMeaTfeO, R2&H, SOsN 
a, S03"Et3 + NH, 0CH3, NO2, C02Na, SO 
X&CO2-E t3 + NHt*^ XttH, N (CH2CO2 
CHs) 2, C H2 C H2 0H> NCS. CH2CH2CH2 
OHXtt- (CH2) n-OH nl±8fr& 1 2$ 

[005 1] £J8#?*> 1 £9Utt\ Ri 4 

Z#CMe2TfcSS7T*<£n33R 

(1) xtRiftim-v&ztzfos wmmtisi 

[0 0 5 2] (2) X#MeO£3?L<, R2*Vk* - £ 

f57 6 8nmTfeD, »t»fi»7 8 9 nm7«S e * 
*/-/V*T^S?lfc^&3 5%T***o 
[0 0 5 3] (3) Xfct-bnSTfcD, R2*<**t? 

7O-7 7 4 nmt'fe0, 5gft&M&7kRtf* 
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<*«T*2 7 %©S^S : flK2fS*:5Vf o 

[00 5 4] (4) XtfNCST'ifc^ R2#*iRT* 50 
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nTfcS, RtRtfX*^4fc**-ffl9T*Si:*fc, 

I R5^;l/kLT^jftT*a6So 

[0 0 5 8] Si lfc±oT«*h**HTOJtt**« 
tlTfctK Ru R2RtfXtfg5lC^?-j§0T*fe£££ 
fc» I R5^;l/i:LT*»"M5* 0 

[0 0 5 9] SI 2fc±oTasn*^JWItt£*S 
tr«3»K Ru R3RtfR2*'«6fc:S-riiD1»ftS4: 
I R^/l^LT^T'fc&o 

[0 0 6 0] Si 3KJ:«3T«Sti*»?3RWtt*J«* 

nr^o> Rkx^S7t^-rii»)"efc*k#*c, ir 

[0 0 6 1] ^ftHftOTtt, Slftfls i£*nXtt* 



-10- 



(11) 



19 

h;l/**-T5o &&®mii\s— FlckoT 

JE»tee»fcMM*«ft*. Ruth. Jerr 

y, L. (1 98 4) , DNA 3. 1 2 3 lc!Bft£tt 

isiiwtc A#5j^*^^^^i(p-r 5 c 1 1 «fc ^ rtmt 

[0 0 6 2] fljx-fcf (1) 3. 3' -i?XfrA/*T*Jil 
/MiW-Va-^F : (2) 3. 3' -Vx&Arf-T • 



20 



9-23900 



70 



*h'JM^7^-^nl/-h; (3) 3, 3' - 
^x^;l/**1J-hU*;l/#^7->3-^H ; (4) 
i. T , 3, 3. 3' , 3' -^+»^W>KF 
UM^>7-^-^Dl/-h; (5) 1, T -S> 
x^/l/-2, 2* -^;l/^7-y3-^K; (6) 
3, 3* -^xf 7^*;l/*^7-y H I 
(7) 3. 3' -yx^l/^+U-hUA^S^Txyg 

-s>f: (8) i. r , 3, 3, 3' , 3' -^-9- 

(9) 1, T, 3, 3, 3', 3' -'N+IMf'/W 

yFhy*;v*^7xv3-s;F ; stf (i o) >f y f 

[0 0 6 3] 
[ftl 7] 




[0 0 6 4] 



Utl 8] 



[00 6 5] 




O3N& 



x=o (mm) vib&tiQimAemi 



X 


Y 


R 


0 


NCS 


H 


0 


H 


NCS 


0 


H 


CH2OH 


0 


H 


CH2NC S 


0 


H 


COOH 
[0066] 


X 




m 


X 


Y 


R 


NH 


NCS 


H 


NH 


H 


NCS 
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21 




22 


NH 


H 


CH2OH 


NH 


H 


CH2NC S 


NH 


H 


COOH 



* Utl 9] 



[006 7] S9 




[006 9] Si 1 



[00 7 1] 



Ri 

-C4H8S03- (Na + ) 
-C4H8S03- (Na + ) 
-C4H8SO3- (Na + ) 
-C4HbS03- (Na + ) 
-C2H5 (I-) 
-C2H5 (I") 
-C4H8SO3- (Na + ) 
-C4HBSO3- (Na + ) 
-CsHeNC S (B r") 
C2H5 (I) 
C4H8SO3' (Na + ) 
C2H5 (I") 



Ri 

-C2H5 (I") 
-C4H8SO3- (Na + ) 
-CsHeNC S (B r~) 



20 [0 0 7 0] 

R2 

H 

H 

H 

H 

H 

OCH3 

OCHs 

OCHs 

H 

H 

S03-Na + 
SOs-Na + 

^4 



X 

NC S 
OCHs 
NO2 
H 

OCH3 

OCH3 

OCHs 

NCS 

H 

NCS 
NCS 
NCS 



X 

OPhNCS 
OPhNCS 
OP h 

OPhNCS 



[00 7 2] 



Ri 

-CsHeNC S (B r") 
-CsHeNC S (B r~) 
-CsHeNC S 
-CsHeNC S (B r') 
-CsHeNC S 



R2 

C4HeSOsH 
C2H5 

•C4H8 S 03" 
C2H5 

C4H8 S 03' 



X 

c 1 
c 1 
OPh 
OPh 
OPh (pMeO) 
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23 



24 



# 



9-23900 



[00 7 3] 







D 








K3 


K2 


C2H5 (10 




H 


H 


(CH2) 4S03- 


(Na + ) 


H 


H 


C2H5 (I-) 




COOCH3 


H 


C2H5 (I-) 




COOCH3 




(CH2) 4 S03- 


(N a + ) 


COOCH3 








* [0 0 7 5] Si 3 








10 [ffc2 3] 






[0 0 7 6] Si 4 



[ft2 4] 



CO,* 




aroCH 




[00 7 7] S7 

R X 

C2H5 ( r) 0 

(CH2) 4 SO3- (N a + ) 0 
C2H5 (I") S 
(CH2) 4SO3- (Na + ) S 

[0078] immmmvit, mu±&i 4^tfdt 
*mm Rtt-cH2CHs-e**] **tr«o c 

ftOttfttttiffigS R (Otitic £ o TBB-r * C t WT* * 
&o ^tf MSftStt Eastman Kodak Com 
pany (x a — 3— DfiX^ ( 146 5 
0) ^Laboratory and Researc 



h ProductsDivisio n £ 
CftttKodakl/-1f-m Koda 
kWff* J J - 1 6 9lC*^t£fiShTV^o 
[0 0 7 9] 1. 3-^n/<>s;*-/l/fcJ:*IWSH:* 

40 *Cfc*T**o «*tf, (Rfctai 4 

£0 a**yU3-;Vxxr;WlB**n*il*lcH:. 
c ft £ cost L v>3fi^n»^o«^©%i[(igv > 

[0080] 
Ht2 5] 
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25 





(14) 



' 9 



26 



9-2 3 900 




KCEQ> Ul+C 30 Pi Pf 
no . CH, - CH* -Oil - OK 



COiOTjGffjCSiOS 




(CBiWOi 



[0081] rnkWimz? u 3-;i/*flaifcfetf *» 

^»»o«*^ittt«FK:a l 4<D»S4:Hi;ifcft 
t>%, 8 1 9nm) fcte^T"Cfc£o C<DC£t2:> BUS 

3-;W9 6nm; (2) 1, 3 -^o 7 7 
8 0nm; (3) 1. 4-^>^t-;W 5 4 nm I 
(4) 1, 6-^**>y*-*7 4 5nm; (5) h 
iJxfU^'Ja-;l/7 9 0nm; (6) x^UVf-* 
-;l/8 lOnmlfttf (7) IR-144 (R = CH 2 
CH3) 7 4 2 nm 0 

[o o 8 2] »* L^mmmmr^ m*ykft&mm 

8 1 9nmT*feO, aSMGIlC iot, C£>&g£§ 

«*»%Stt»* U^rt»(avai lable) 

- Ftttf (em i ss i on) fc gfc « Xtt-SW « £ 5 tc^r 

»Sfc«#LT* Tie7g^^-rn^T*fe0 9^ : 

(1) 7 9 6nm«»Sm — CH2CH2OH ; 

(2) 7 8 0nm««Sm — CH2CH2CH2 
OH ; 

(3) 7 5 4 nmO»)e»fim — CH2CH2CH2 

CH2OH ; 

(4) 7 4 5nm«ifiSm -CH 2 CH 2 CH2 50 



CH2CH2CH2OH ; 

(5) 7 9 0 n mORJtftft-Ctt, -CH2CH2-O- 
CH2CH2-O-CH2CH2OH ; 

(6) 8 10nm««im -CH2CH2-S 
H ; 

(7) 7 4 2 nm09Mt»STtt, -CH 2 CH3;££ 

(2) , i/2u^*v/yfrbmmzft%*t®tovx7 
-^^/-)it^y^>t<ou^ (7 : 3) *-esat 

jta&*T£o COSJS^tCJgfiK^nSTktiD e a n - S t 
a r kW8»te*oT«i«Bft1lli:LT*4'r*o CO 
fi«a:^«SW-»lc3'-l 2^H«rS-rSo t#£n 

»oyxf-;l/x—r;Wc: < fesa»»k:, Hfifc*fi#?& 

H*2-*^/l/- 1 -7;P4 t ;l/a4»JfifcWLT, 

**fc'», 2«licoSlgSS{l:^%i^6^»»«iJft«% 
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27 

ch6o«fktt»^«Jt«itt*aafc*«rr* c tic 

[0 0 8 3] F lfc*oTlH«if£, 

^-H©*nn*lB(*-ett, RikR2&g9Kf2*f 
5jgft**t"So ft-Mm Xitt/Nny>T»* 
& 0 *-*-F2»ai OO^to -F3tt55K 
4 St/ 1 1 <7>£j££*VTo F 4 1 2 (D^fiJc^r 

^fo f-*-F5tt*l 3 **-F5? 
tt, X(i8aXttBtt«T*So 
[00 841 01 T-tt, *»W©*J*«rSI«1"SCk^ 

T**©>JW£*«oaaH*s-ro <:<DE?yifc£8« 

tt* ±E*BBW»fflB»0 7/5 7 0 f 5 0 3^(19 
9 0^8^2 1BUH) :«OT^0 7/0 7 
8, 2 7 9*f (1 9 8 7*7 R 2 7 Bttiffi) \ RZf*m 
HfflF£4. 7 2 9. 9 4 7*fc*ai:«ftJWE«SnT 

Mi ddendor f SffccfcoTttiHSnfc fcOTfc 

So 

[00 8 5] H2"C«i. 0 1 (DV}V&<{> 2 - 2 TttW 



9-2 3900 



28 



JO 



MftliEtf 140k, 14 2k, sMftifriis 

14 4k, XWB&tol 4 A At, 7^ny#-Fl 4 

6 k, rS>*/i/#- F l 4 8 fcfcStto «Mftfie# l 
4 014** £*y hcoiEffiifi< £El£ti> 
7*ny#-Kl 4 efc-rS^MS-Fl 4 8kO±(0 

[HjjSktan-rs^SE^ 1 4 2tCct-DT^g^nscDtc 
1 4 4A(c««n{c«irr«. 

[00 8 6] S9 



*20 




G 



C4He SOaH 
C2H5 

CsHeNHsB r" 

C4H8SO3H 

C2H5 

C4H8SO3H 
C2H5 

[0 0 8 7] 1 
[ffc2 6] 

CKH) 

-HjO 



R2 
H 
H 
H 

S 03"Na + 
S03"Na + 
OCH3 
OCHs 




[0088] ^*V-h2 



SO [{L2 7] 




4- &A7x/-it~ 
NaH/DMF/0-5° C 




[00 8 9] f-V-h3 [ft28] 



-16- 




9-23900 



-H 2 0 




4- &A7*y-iu 
NaH/DMF/0-5 C 



X 




[0 0 9 0] 4 30 Cfb2 9] 





-17- 




NaH/DMFfl>-5 C 




NCS 




1 5 0, ±^V77-T*>7V 1 5 2, ^#-F7 
■fey^U l 5 4M>\ y;l/-9->F-<y^l 5 0<0&g|5£ 

±&>Sy77-7*y7V l 5 2 kTW/^^r-T-fe 40 
>ru l 5 1 k icm&zmnirz c k ic <fc o T\ 

[0 0 9 3] y/l/tfyF^yf-l 5 0*$»**fci& 
fc, ■9-^-^7•tr>^ , ; 1 5 4ttlJW>±HHM'F:/5 
^T7h kTSW^ F75*yvh 1 6 0 k 1 6 2 «Mtt> 

-*o**H2fc*-r) , sn**-hyu-n 6 

8. ■lMPWta»^l/-b 1 6 4, Mi20 1 6 6A 

- i 6 6 ciCTfcry^xf-y *£tr 0 ±« 

Jfitt±»RtTF»*-f F75* y M60i:l62^ 



[0 0 9 4] ±»RtfT»-9-^ F75*y H60tl 

6 2 a^n^n* F-r is o (outturn 

1 4 2 kMBLT*0«tlt»*r*i 5 
166A-166Ck LT^-rx^"-1>--ttiaSW»in 
J^/V-h 1 6 4*S»fr#-h:/l/-h 1 6 8fr&H 

[0 0 9 5] 4 2ttU-1f-*>f*-F7* 

>7U (02lC^2-f) k, K«H7-fe>^U172 
k, 7*F^*-FK»1 7 4 k, X***-«t>ft 

»E» i 7 6 k**tr 0 b-tf-y^*-F7-fey^u 

(02tC^^*T) tt, Jttawy/WfVF^-yf-l 5 0tC 

®^ur, Kaar-fey^y 1 7 2*iLro»/h©E 

If/W* (reflection back) US J: H 



-18- 




to o 9 6] m%ym*%.mz>tzV)tc, mtmr-ty 

7'J 1 7 Z&fmyYJ'Vl'X 5 0K£y£*£fc-*i\ 

*n*»6*tttsn«ayfije«*7* fe# i 

7 4K©f U E#l 7 4tt£ftWB£« 7-f n^Rtf 
rS>*;l/#-Fl 4 6t 1 4 8fcggU Ctl^tCfco 

tf-f F 1 4 6 t 1 4 8 tf-f-**S e>tC##T 

f*. j£*E#l 4 2 tt 4 y^VKf-y^l 50*4) 

+-fl&DttttE# 1 7 6£B9ttttfciStt-9-#-hyu 70 
-h 1 6 8 4><DXn>y McjQoTgf)t5 0 

[0097] x*+-r- ho(*»k»i 7 6imom 

/l/-hl80t, ^TU^y^b-Kbearing plat 
e)182fc« 1 8 4 X5^ FBlfiE4(s 

lidable)y#-M 8 6fc, '■WF/y-y-EB 1 8 
5. 1 88ARt/l 88Bfc£#£r 0 ffi(?tt#yi'-F 
1 8 oa^lz-AS^^LTSt^-h^U— M 

6 8»c5Jil»ClS?»3^?>n> fiaS^^7'J>^U-h 
1 8 2 Pglfi*—*- 1 8 4 fc, 2ffi£D^-U- 1 8 

8 A t 1 8 8 B k*3a*-i-S. BftV^Ty WW- 20 
Y 1 8 2H:y;l/-9->Fl'-y^ 1 5 0<Oft£KfrfcoTfa 

[0 0 9 8] U— •f-^j-FT-feyyy 
■f) fcBBBT-feyyy l 7 2 fc©y;Hrv F-f >yy 1 

&y#-h 1 8 Qimmtmyfv 1 7 2 t?j*- 

KT-fevry tfcSlf U X5f KflTBt^Ty 
u-n 8 2±tc#a-rs„ Ptlftt-^-l 8 4 ©an 

->t7H 8 3«y-y-l 8 8t, ^;1/M 8 5t, ' 
7-y-l 8 8 Afc«r/rLT7 p -y-l 8 8 B$BS> 30 
U ^-'J - 1 8 8 B«X5^ FRlteS-y-jS- F 1 8 6 
±£*5>'7Sftfc(claniped)'-<;t/h (BjjHH*) *B 
ftU ^;1/F±©U— y-^*-Fi:BBB7-b>^ 
y 1 7 2fclc£5j£$*£^;l'F£y/l/-yyFV'yy 1 
5 OcOS^ttfefcoT^Kl^^o T^/Ptf-Fl 4 
S^mK^fjaiTtcfeSPSS)*-^- 1 8 4lf/-V- 
1 88B5r«)*>L, ^/l/F (Hjjatf)' *»frLT, y 
;HryFV«yy 1 5 0<0i«;(i:toft-3T^S2t5o 

[0 0 9 9] C©0»C*-f J:?^ BMjSjcUBBl 4 4 
»±S|5/ J ?'V7 7-7-ty7y 1 5 2W7 7r-Ct -#0 
«M3^?^-1 9 4*^LT«gWtcS8?U TSI5^ 
7-b^y 1 5 1 £02»t0*L&V>3**# 

[0 10 0] ±gP/^-y77-7-tr>yy 1 5 2«M>y7 

r-jgssi 9 5£«#-rsfci6<Dgg§£jgfiKysM 1 9 

7 ; ±»*»6B 1 9 7±lC7w >y Ff £'J -yTWC* 
fclSSft, «B*»6«tiT. -TOlc#tf*¥64B«* 

W<*2 l l £GMf-f a*/*- l 9 9 
-5o 8<*2 l l A^-l 9 9©JISBf;:I&y{>ttte>n 
•53*£*-l 9 4fcJ:-3TttBfc««WK*«LT, 50 



9-2 3 9 00 

3d 

/S>y77-i8$l 9 5^©B«x*;l/*-«B*flIffifc 

-rs,, 

[0101] TSP^-y77-7-t>7y 1 5 ltt/W7 
0 3«BjW*te*OSS*B3&r*BB« 
nfcg2 0 1 fc :g§§2 0 ltBIU #»2 0 7S:$ 
?U TgP/S y 7T-BB2 0 3 Cx^^-^ASfc 
a6<Dg&2 0 7££;f£\ z^-y 77-2 0 3 * tcSt 
5s T?51CWVZ$&2 1 3**-T5*^-2 0 5fc* 
*tr. y/Mr>FV-yy 1 5 0l,tTl5icWXfX^y77 
-»B2 0 3*fcBU ±73»C#t?T, ^>y77-88t 

l 9 SffcJtLT, B&^OfcftOSmWSttfcBIfi 
(C-fSo "O" Hi 9 7 Bti. /Vy77— rSffi 1 9 5A< 
±gp^<y7r-7-fe>7y 1 5 2*^tatUft^J: 
5lc, ±gj5/Vy77-7-b>7y 1 5 2©->-;l/W 

[0 10 2] 03-eii, Sl©7'T>'3-3tu«)-Dfc»r 
BB*«U Cttfi«M&»)E#l 4 0<DS}t. j£S 
E#l 4 2 (fl^«$©fc*tC, B3Ttt2«fc«*) © 
-gflfc, HBfc»5fWfcB«»»BBK#l 4 4 (0 
2©*) fc**U ±36Ffr6Sfc, BB9-#-Fyi/- 

H68t, t-*-7V- h 1 6 4 y;v-y> f-t 

<y^l 5 0fc, U— y— y-Y^"— F7-h>7y 1 70 

t, m^mr-tyfv 1 72^, 7*byi , *-F7-t 
>yy 1 7 4 toEB^Bwra. t-#-7V- f- 1 
6 4 tBB*#- hzfi>- hi 6 8 to., p-y-yf 

^— F7-b>7'J 1 7 0©ISffigPt^n«:jt2-r«rcl6 

<Dwmm.ft 1 7 2 fc*§g-r5*t?©m«ac»E^ 

1 4 0F*J«DN Al^->(lane)tCi£^-r57k¥73l6l(C# 

[0 10 3] DNAflW)iMtRff3tBfctSBr*fc«> 
tc, y;l/-yyFV'yf-l 5 0ti7oy F^xyb-h 
200t, y;UE^2 0 2f:, t-?-yu-M64 

te«BtT*t)WJ&n, b-y-yf*-F7-feyy 
y 1 7 o tmwMT-tyrv 1 7 2 i:tcj:s^a*^t 
5E#£W-fsy7#-7xyb-h20 4fc&#tf t , y 

7^7X7W-h2 0 4{4fc-^7b-H 6 '4tS«4 
y;l/E^2 0 2fCj;oT7n>b3!j^xyi/-h2 
0 0A^^(8?n. y;VE»2 0 2©IEH^T*{i. DN 

Ai>gi*^t)n5o 7n>h#^xyb-h2oofcy 
7^5xyu- h 2 0 4 fctiffiiccaso^x-ej;^ 

»*t<tt. BjWii:ifi*nBBfcffv^BJtt** 
U WBftl/fc«*W¥B*4**^r»teJ:oTB3a« 
nSV— y5K(soda lime)T'fe5o 
[0 10 4] y;vy vFf-y^ 1 5 o\cft&*fc®t% 
fc46tc b— y-y^*-F7-byyy 1 tqw^i/ 
yfz 1 ot, Wk\sy%2 1 2fc, K^^jij§7-f 
/l/*-2 0 4fc, nU^-^-L/>X(collimating len 

se) 2 1 6 1 > u— y-yy *- F 2 l 8 tZ%tSo v 

-y-yy*-F2 1 8<ia*9k mmxiz&wim 
*wm\^. c©^ti{iix-y-3yp{-^-i/>'X2o 
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(20) 



37 

6tJ:oTWTlC«tl, *V^«aa7*;l/*-2 0 4 

taoraeasnso co^mm^yxz 1 2tc<t 

otm>hV7f l 5 0±i:ft«t5o ffSIX 
ti, hV 1 5 0 (D'ftl'S.ft 2 0 2 ±<D&& 

UHftttE^ 1 7 2 k 7* h ^ *- FE» 17 4k© 

[0 10 5] #5X?l'-hkY/l'k<7)JP2, U-lf- 
hMBUK7*>7V 1 7 2<D{itt, LfctfoT, U-1f 
-fr60JW©illttl7*yr"J 1 7 2»c*rr*A»ft 

XWftStiS 1 WE£*5tt3 Brewster Oftfifc: 

XMttWs WWyMy+i 5 0©*liBfcio 
XWmkT^yy^) 1 7 2*t£Elt£ft1\ RIMR7-fe 

>7y i 7 2tt*o«irtT«Jtt*« , r*J:5ft^-* 

-*fcflt*3(view)o 

[o i o 6] i/--»f--^*--K±oiatfc«w«it» , r *o 
f^vyyz iob (a) 7-2 

2 0*^LTt-h'>V*fc»ft , r*; (b) 
X2 l 2 k, »>§Wia7-f;W-2 14 k, ay* 
-*-^>X2 16k, b-+f-*V*-F. pa 2 1 
8k*Bi^; (c) ^^-FOfcftO^fiiy-FfeiR 

[0 10 7] U-1f-^*-K7'feyry 1 7 0*^6 

1 7 2 {im*b>X2 3 0 k, >\*jVy92 30 

32 k, «#e-#-k«Mr 0 mmrnyf) 1 7 
2 *+u>X2 3o^ ; eogifi(7)^L^i^, 

3WSfrr«7*h^*-FE»l 7 4kWcE(p|LT 
j£*uyX2 3 0tty/l/K#2 0 2 +0*3HMKn 64) 

7* h^^-FT-fey^y 1 7 4tcg3t*rSo ^ 
[0108] ttnjsnft«)e*a-r««'>y^/v*»* 
-rsfcawc, 7* H^*-F7*y^y 1 7 4»*« 

ft*v^-<D£gfcgigkLT, AP&2 4 2 
k, «!RUyX2 4 4 k, 7 7 ^7« (sapphire wind 
ow) 2 4 6 k, 7^7>'>x7t hi^f*— F2 4 8k 
*r*rr*/V>^vy2 4 0*^tto 7/«^>z7*h 
^*-F2 4 8*£»"r*fc»fc* ^>^2 4 0 

rtfc*a«*ow»^i/-h2 5o*ko(*»t, 

-h*$l*U *©±fc7/<5>*>x7*b^*-F 

2 4 8*ffi0f*»*o XP«2 4 2tt>N*^>y2 4 0 50 



^V9-2 3 9 0 0 

38 

rttcK^UT, «Wl7*y^y 1 7 2*67* h7* 
y?y l 7 4©fi*Hi:»oT«»*5MPr*o 

[0 10 9] 7* h^*-F7*>^y 1 7 4<E>m*> 
i&?2 4 0Wclt % *7T-f7a2 4 6k7^5>5/ 
x7*h^*-F2 4 8k*««WI7*yyy 1 7 2 
k7* h jT^*-F7-feV^y 1 7 4 kCD&SfflfclJQo 

TiEf^-r^o %*\sy%2 4 4\mmkT*.y-?v 1 7 
2fc*oTeasn*««ft*a^^/i'fc***fc» 

1:7^7^^x7^ b^*-F2 4 8±©'hjSt»* 
£H+So Pe 1 t i e r»«*fflfflf 
2 5 2*«llB«W0W*^U-HclWibTB9WJ 
T, 7/<5yS/x7*h^*-F2 4 8©aaa»ff 

otetofcatfcJtiawfiiafciiHS-rso 
[0110] co0ks&&< menace, pgw^e 

-ir-18 4tt^l/H8 5*iK«4T, 7-y-l 
8 8 A£EIU *IC, 7 p -y-l 8 8 Atf^-'J-l 8 
8B£lEl&£i*&o 7-y-l 8 8B(i ; enk7-rF^ 
-y-'J- 1 7 9 fc<0BB£#tfT, FRllBa** 
— H 8 6 (H2CO*^0^) fc— Mfficfc^TlSftL 
T, jtSEBttBfcl/-' If-fcftj^EOfcftkiy^VF 
>fy*l 5 0fc»oT«W5rftfc»lll«**o 

i 8 4ti, *+y^*nr*tafr , rci:fc:j:or, 
u->F^y^i 5 oojtfi*a«-r*o 

[0 111] 04T*«, «5t«0f*»fcy/W->F^ 

5 0k±SB^^77-7-b>7y 1 5 2 
a«H*3S*\ c©Hliy;l/K»2 0 2ft±^W77 
-7-fey^y 1 5 2rtO/^77-»Kli:iB*«ft 
7#5X:/U- h 2 0 4 fr6*y F*7Lfctt« 
J^Wh2 00*St. coEHtciSk, DN 
A*y^;V*3ff5X^l/- h200k204 k^Mtctf 
FT»»U ±«/^77-7'fe>'ry 1 5 2*iB^ 
T, y/l/U-VFWyf'l 5 0£j1LT, T*^77- 

So 

[0 112] ^5T*ti, ±aS/^y77-7*>^y 1 5 
2fc*«l»U:i3^T*ni:IS^LftT»^y77-7-fe 
y^y 1 5 1 kfclttBJlf £fcA6<7), y^VF^^f-l 

5 oo»)SP0"efcSo cco0^^*r<fc9(c 19 

9ttSl**XF2 1 4*#*. Ctltt^y77-KiB+ 
s\<DJl^~ 1 9 9©T7?JC#t/5g|5^tcSM-rSfc46© 
S(*2 1 l*S8f«o 1 5 0^7 

Xyb-h2 0 0k 2 0 4 (0 4) kOK(C{i:, 71/- 
Ffflcoy;l/E^2 0 2 (04) +fc»BROT»K:fftf* 
»2 3 1 tf#«E-TSo DNA*>7;l/*cn60j(IJ«:if 
hT^L, T«B^^77-7-fe>7U 1 5 l^MfH 

[0 113] ±S5/^7 7-7-fey7 r y 1 5 2*6T» 
M777-7"t>7U 1 5 l&T*r>W>V'(yf'l 5 

b-F2 1 3STT»tel*lfT, /^^7 7-JS«+^a 
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T^"J7 7-7-t>70 1 5 1 <Dt>^-2 0 5lC&ft 
2-&S„ 

[0 114] H6-PH:, ®2©Hffig8l©'J*-r-XT 
-S/ 3 >1 2 2A©fiJffl£ffll,v&[lg&©7n«y*ja0«: 

mmw 1 7 6 x*+T-ia®isi 1 7 

6%ftfr"f fci&CD ; e-*-7-t:>7'U 1 8 4 fc, igfcffl 
l2 5 2i:*WTSo S»EB2 5 2(4b— (f-7-feV 

1 7 0 fc, f^tm§L, «rp©y-f 
U S/^T>l/*IIWii/«BB/tt*WUK»2 5 0+oa 
^ti!*aiU©fc«6tc^-r5-{:^-9— 1 7 

4 t£*rU X*+T-iB®)gM 1 7 6 fcX*+T-ig 
ftgB*-*- 1 8 4 ttSJ$J/tgH/iS*aJLE#2 5 
Ofre^T/l/grggLT, yjl/tf>hVyT*«W!h> 

B\ C0MWDNA*£JEU 
SEoT*0»>Jftje*"*-*fc»0«»E«2 5 2 fctffilS 

[0 1 15] 17 4*1 Si^P.fte©®Bftcl8 

i 8 4imm^—$' 

-2 5 4 fc*-*HB»gH2 5 6 t^tSc 
m><m.2 5 6tttm/ffiH/R&tULB#2 5 0fr5 
S^t/I^SSLT, Pg»*-*-2 5 AZMhUk 
X. X*-VT-fgftgfil 7 6*Ei**-tiSo X^tt 
HBttSHI 1 7 6 F fc 7- »J -EBtC <fc o T\ f 

my f-t f - 1 5 o t&mmMfr*: y^namt 

*fca©fflaB»©fcAfc:lfflfre-*--2 5 4tc«£TO 

ica^-rs (H3) o 2 5 4 tmrnwm 

SS2 5 6 tumnm^ztiz&oT'&K). ztimtut 

[0 1 16] &iJ®/f§l!l/R#tiiLE#2 5 Oli, ffit 
©^ifSv^D^D-tryl)-^ 6 OT.fcl/'Oykrn-* 
fc, jtlEttJM&OTU aiJS'JfS /£»*>©> fHf^y 
T^X^WXttBEffiSgT-TX^W 2 6 2 fc7U> 
#-2 6 4*^tfo 

[0 117] T-**a5351-r«rc»K, &J0EB2 5 2 
tts U-if- 1 7 0 1 7 4 fc©ffi£. >y 

A- (chopper) mug 2 7 0 -feVU— H«2 7 2 
MBil<@§32 7 4 n-y?f V4NHI2 7 6fc> 6* 
-;l/7-r;l/*-2 7 8fc, 1 2tf>y h7tn{f/f^> 
)iayA-z-' <y$-7x.-*m&z 8 0i:> U— «f 

-«iS2 8 2t*#tf„ 

[0 118] -fey*- 1 7 4 ttlx—tf-fr £>©#$*, 
^ntfTVl^Ff -y^l 5 OfcSaUfcafcSSLT 

(03) , «WMMi«2 7 4*^bT. D?W>Jm 
gg2 7 6ST->y-r;l/*e^-rSo tttevtf- 
«iS2 7 2fr6S'?T/l/£gg-f So f-3>y/<-ElK2 
7 2»mJHflJ«^Tny**Vi|*B2 7 6£/<;l/X 

fc^jLSo 



(21) ^^F9-2 3 9 0 0 

40 

[0 119] U— tf- 1 7 0(i«iS2 8 2fre>f^j£g 
g-TStf, <:©«*f^ b— y-A^eo^^T^a-y 
>7'(ymm®2 7 6ict§-z.<bti2>~y7i-)\'t.mmT'& 

•3. n<y^-('ytii|@g|2 7 6!!)^6^-;l/7-i';^-2 
7 8'\OU*««»SL<ftt^yT;VH««*»6B»J« 
nS<fc9t, ^3-y^-|slSS2 7 Otc<fc-DT0M^n 
S„ CO^tM** 3>lfa-^-2 6 O'WJy* 
-7x-Xi:LTtSfi0 1 2£<y hTtn^/f^?^ 
n>A-*-2 8 Ofcfc^Tf^/vs/yT/MclRfl:* 
70 nSo 

[0 12 0] C©EB£<fcSi:, ^giiStty'TX^C) 
EgiJ£*iS <t ? fcW&TS C k r a ■y/t-KW 
SB £ © [8|#H kSIS (demodu I at i on) AV X* 2 5 K 
iSCT, WfCy^yhV'yf-l 5 OlcfcttStf^X© 
JOSa^SKaiW* (821:3), 

[0 12 1] 07Tii, flV^yY^vf-X 5 0©ftfr 

otfflv^n, ^w««»»£3#ffl^€>fts<i:-5fc> 

^1*7A6 1, 6 3Rt>'6 5£#tfo Ctl^tl^L, 

20 So C©<fc -5 E2~5©Hfigffi^©y;l/-9-> 
FV-y^ 1 5 0©fti#*Spfc LT&*©3§W£ffl<^SC 
fctf'-CS*. Lftibt, A, G. C&lfT §«©&»© 

t?ts, xttcnstt i asa©«s«;:o# 1 *©*©^ 

**5ioT86n«Ci:^TS-6 ;«V>», A, G. CR 
«TS©SS©^«:-^ti:LT, l*©»©^«fcSL 
Tgit-rcfc^-etSo 

[0 12 2] W*tf, y;l/^+>^;VX(i;gv^W©<fc 
?*^!SK{±5 0~1 0. 0 0 01i(±©SS©DNA© 
JO g^©«5HtC^LT2mli(T r T*feS'<#T*u55o Lfr 
L. DNAfiSCffiBtfJf^rfSfcOtlT, mS«FH* 1 

g<^5o ^(tts-rs^ratts^^iffi©^ 

»©il)!rafefc'3 l/2fMH*»6 5#IHI*t»0«HrtT* 

So 

[0 12 3] ±E«»*»6» *BW0«MM«DN A© 

isttusraw. m« (i) SBRjwtnBojBtx^ 

A'T'tS ; (2) CO»ft««»*5XK45V^TJt«« 
[0 12 4] *»W©»$L^Hfi(i8ltt*1tti:iS«Lr= 

So 

[0ffi©ia#*siw] 

[0 1 ] *j%micmm%w\&femm<ommim<D&®. 

50 Ho 
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[02] 0 l<D : 7'(>2-2lCter>rdgim& 

[03] 0 \<Dy^yz-^\t^tdsmm 0 
[04] ®2<Dmmmm<D-m>tt&m&&Tmmmo 
[05] 02onfififfi«©-SBo®»«»«a:*0o 

[06] 4r>^- x 

[07] si-ecufis^cffl^ensy^yhv 

[8F<|®8ii?f] 

14 4. BM^ftSii 

1 4 6. 7tny#-H 

14 8. f*5J*fl/*-F 

150. vmyYJv* 

15 1. T»/W7r-7-bv7U 



[01] 




[07] 
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1 5 2. ±SB/W77-7-fey7'J 

1 6 4. fc-*-7U-K 

1 6 8. Sfitftf- h 

17 0. I/-" 9-94*— F 

17 2. K«S«7-fe>7U 

17 4. 7*h#"f:*— F7-feV7'J 

18 4. 
1 8 5. 

1 8 8. 7-U- 

70 19 4. flM6<|3*?£- 

19 5. /W77-J§ffi 

1 9 9. -hrt- 

2 1 1 . m» 

2 18. \y-9-94*-Y 
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